t h i s GDL was f i r s t r e a l i z e d /4-7/; t h e inv e s t i g a t o r s have payed most a t t e n t ion t o t h i s l a s e r because of i t s very cheap and common a c t i v e mixture components (C02-N2-
H20) which a r e automatically produced (hea t e d up t o required temperatures) i n t h e air-f lame of usual carbon-hy drogen f ue 1s /a/. Another a well-known l a s e r i s CO-GDL with j l l a s~4 . 6 + 5.4mkm /9,10,2,3/.
From t h e f i r s t works on h e a t pumped GDL ( t h e only type we s h a l l d i s c u s s i n t h i s b r i e f review) t h e p o s s i b i l i t i e s of l a s i n g with t h e h e l p of another molecules
were studied. The n i t r o g e n mixtures with Bddition of C02, R20 and CS2 were suggested i n t h e t h e o r e t i c a l work /II/. Authors of /I2/ obtained l a s i n g on C02 -N 2-He and N20-If2-He mixturea. The pointed tendency was developed l a t e r , It was t h e goal of such a r e s e a r c h t o use t h e main GDL advana , .
%ages: (I) s i g n i f i c a n t power g e n e r a t i o n in b~; (2) heat pumping: t h a t permit very d i fr e r e n t methods of preheating of t h e work-, pg gas mixture i n c l u d i n g methods which provide t h e system's autonomy, independenpe of power aupply-. However, it is' advisa; ble t o hold t h e mentioned advantages a t the some time with broad range 3 las Vary-
i n g according t o t h e problems of s e l e c t i v e l i g h t -m a t t e r i n t e r a c t i o n ( l a s e r i s o t o p e separation; l a s e r chemistry and s o on); t o t h e problems of t h e atmosphere energy transmission improvements, etc. A s soon a s
we know t h e r e i s no any a p p r o p r i a t e methods of 3 las changing f o r C02-GDL a t t h e r e a l i z e d power of MWf with s u f f i c i e n t e ff i c i e n c y and i n s p e c t r a l r e g i o n beyond v i b r a t i o n a l -r o t a t i o n a l s t r u c t u r e of C02.
CO-GDL has r e l a t i v e l y broader s p e c t r a i tuning region w i t h i n CO-vibrational bands (4.615.4mkm).
T A t present time t h e only method of GDL s i g n i f i c a n t Alas v a r i a t i o n i s a > change of t h e l a s i n g molecule (N20, CS2, SO2 etc.) o r l a s i n g t r a n s i t i o n s ( a s f o r I 8 m k m C02-GDL /I4/).
.

It is very important t h a t a change
:of l a s i n g molecule and working mixture l elads to's.ef f i c i e n c y changing of GDL known !as a low e f f i c i e n c y l a a e r . Having t h e chaArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980925
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JOURNAL DE PHYSIQUE nged l a s i n g molecules with lower l e v e l s one can g e t , g e n e r a l l y speaking, GDL e f f iciency i n c r e a s i n g , because of h i g h e r l e v e l populations a t t h e same s t a g n a t i o n temper a t u r e s . It i s reasonably t o develop t h i s method of GDL e f f i c i e n c y i n c r e a s i n g /I5/ t o g e t h e r with a s e l e c t i v e l e v e l pumping method /I6/ r e a l i z e d i n mixing GDL's scheme (see / I 2 / , /I7/, /I8/ and review /I9/,) .
Thus, t h e GDL s p e c t r a l r e g i o n extendi n g i s applied so t h a t t h e l a s e r system eff i c i e n c y could be increased.
The problem of t h e e f f i c i e n c y increa- onal energy t r a n s f e r t o t r a n s l a t i o n a l degr e e of freedom than f o r t h e backward proc e s s of t r a n s l a t i o n a 1 energy t r a n s f e r t o v i b r a t i o n s required f o r t h e e x c i t a t i o n of g r e a t e r quanta o s c i l l a t o r . This e f f e c t i s a main reason of i n v e r s i o n populations between t h e upper CO-levels with decreasi n g quanta because of unharmonicity /20, 9, 2 , 3 /. The nonresonance exchange affects n e g a t i v e l y i n t h e case of C02-N2-He(~20) * -GDL energy t r a n s f e r from N2 t o C02 because (QO$CO; l e v e l i s h i g h e r then ( V = S " ) N~. But t h i s e f f e c t i s p o s i t i v e a s i n t h e case of N20-ITTGDL /22/ a s f o r CS2-CO-GDL (see t h e following p a r t ) and t h e authors /22/ suggested t o use the same e f f e c t s f o r P a r t i a l population i n v e r s i o n heatpumped GDL on d i f f e r e n t molecules.
The development of id,ea t o use the nonresonance e f f e c t i n t h e case of GDL l as i n g GO2 molecule r e s u l t s i n suggestion and r e a l i z a t i o n of I8.4mkm CDL /I4/ on V2-V, transition instead of usual C02-GDL v3-V,,V' t r a n s i t ions. The mentioned e f f e c t h e l p s i n high speed r e l a x a t i o n t o Boltzman population d i s t r i b u t i o n with very low nozzle t r a n s l a t i o n a l temperature on t h e Fermi-resonating GOg l e v e l s forming a "mul t i p l e t w . population inversion appears between d i f f e r e n t " m u l t i p l e t f l l e v e l s . This method of population inversion formation 'was theoretically I n v e s t i g a t e d f o r a number of o t h e r t h r e e atomic molecule t r a n s it i o n s /23/. For convenience we s h a l l turn i n t h i s r e v i e w t o Fig.1 which p r e s e n t s a l l published, suggested ( t o p l i n e s ) and real i z e d (bottom l i n e s ) h e a t pumped GDL. The hlas value, t r a n s i t i o n , GDL a c t i v e med.ia and r e f e r e n c e a r e l i s t e d i n Table I. The 2 las i n c r e a s i n g f o r molecular las e r s under c o n s i d e r a t i o n means physically a frequency decreasing i n t h e l i n e of l as e r t r a n s i t i o n s between e l e c t r o n i c s t a t e s 
It was discussed /30/'the p o s s i b i l it y t o use t h e high population i n v e r s i o n
values c a l c u l a t e d f o r recombinat i o n l as e r s with t h e h e l p of energy t r a n s f e r t o some atomic eystem t h a t provides l a s e r emission.
It was suggested t h e o r e t i c a l l y /22/ t o use HF,DF,HCl,HI,DCl,DBr,DI a s l a s i n g molecules of t h e heat-pumped p a r t i a l i nversion GDLts. It i s p o s s i b l e t o g e t l a si n g i n seven a r e a s of t h e spectrum between 2.5 and 6.2mkm (see Fig.1 ) a t t h e appropr i a t e choice of t h e e n e r a r e s e r v u a r mol e c u l e f o r GDL working mixture (see Table   I ) . The comprehensive c a l c u l a t i o n was made i n /22/ ( s e e a l s o /31/) f o r t h e case of HC1-D2-He-GDL. The C02-GDL with j\ las=9.4; 10.6 mkm w i l l n o t be discussed here because monographs /2,3/ and some reviews /I9,48-52/ a r e devoted mainly t o t h i s l a s e r .
It was shown t h a t t h
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From such GDL!~ N20-GDL is t h e close s t one by usual 10.6 C02 l a s e r t a k i n g int o account t h e 3 las value ( s e e Fig.1 ).
The experimental approval of N20 a s a l a si n g molecule i n GDL with N2 e l e c t r i c a l discharge e x c i t a t i o n /I2/ was l i k e l y t o be t u r e p o s s i b i l i t y of GDL operation and ( 2 ) low H20-vapour i n f l u e n c e on t h e g a i n value (see a l s o /59/).
Fig. 2
The gain versus tempereture i n v e s t i g at i o n r e s u l t s /21,57/ presented i n Fig.2 show N20-GDL advantages a t low s t a g n a t i o n temperature a s compared t o COiGDL a s a r e s u l t of nonresonance exchange e f f e c t influence, The energy exchange N20-N2 measurement B /60/ were important f o r N20-GDL model r e f inment .
The e s s e n t i a l advantage of N20-laser i s t h e p o s s i b i l i t y of more e f f e c t i v e energy t r a n s f e r i n t h e atmosphere comparing 
_ _ _ -------
Some t h e o r e t i c a l r e p o r t s have been published on t h i s problem; we s h a l l not d i s c u s s very i n t e r e s t i n g r e s u l t s of an e l e c t r i c d i s c h a r g e e x c i t e d l a s e r (EDGDL
GDL on t h e C02-N2-H20 (I:II:0.5) m i x t u r e w i t h t h e h e l p of a d d i t i o n a l s e l e c t i v e r es o n a t o r s i t u a t e d c l o s e r t o n o z z l e e n t r a n c e t h e n b a s i c s e l e c t i v e I6mkm r e s o n a t o r . It w a s suggested i n /73/ t o g e t a I6mkm l a si n g from u s u a l GDL but o p e r a t i n g on t h e m i x t u r e of
An assumed p o s s i b i l i t y of producing I6mkm l a s i n g w i t h t h e h e l p of u s u a l GDL o p e r a ti n g on t h e C02-Ar (1:I) mixture was a l s o mentioned i n /74/. But c a l c u l a t i o n s / I 4 , 75/ show t h a t s u c h a l a s e r i s u n r e a l becau s e of t h e r e q u i r e d e e s e n t i a l f l o w d e n s i t y d e c r e a s i n g (-IO'~), very low s t a g n a t i o n p r e s s u r e Po--2q5 a t and C02 c o n t e n t (~2 % ) i n t h e yiorkirig mixture. These r e s u l t s f o r 16mkm(02~0-01'0) C02 t r a n s i t i o n p o p u l a t i o n i n v e r s i o n a r e more r e a s o n a b l e because ' t h e t h e o r e t i c a l r e l a x a t i o n model /I4,75/ is i n good agreement w i t h I 8 m k m C02-Ar-GDL expe-
r i m e n t a l r e s u l t s /14,75/, s e e n e x t pa** The I6,7mkm ( 0 3 ' 0 -0 2~0 ) and I7,2mkm
(04'0-03~0) Cop t r a n s i t i o n s aye a l s o i n s i d e .
of -r)2-mode t r a n s i t i o n s , f o r which t h e pop u l a t :on i n v e r s i o n ( w ~~'~c m -~) and g a i n ( N 0.02 cm") were c a l c u l a t e d /I4/ i n t h e c a s e of C02-Ar-GDL. But i t was not proved i n experiments / I 4 , 7 5 / where t h e l a s i n g on t h e s e t r a n s i t i o n s and on I6mkm t r a n s i t i o n c ) . sm_kmn CO,-GDL and i t s a n a l o g u~:
--------bransi-tions between )lzandglmod_ees).
------
A t p r e s e n t t h e I 8 m h C02-Ar-GDL i s t h e l o n g e s t I R wave-length continuous g a s dynamic l a s e r /76/. P o p u l a t i o n i n v e r s i o n formation h a s been i n v e s t i g a t e d i n /7'//
t h e o r e t i c a l l y f o r (03 ' O -I O~O ) C O~ t r a n s i t ion i n t h e c a s e of a n e l e c t r i c d i s c h a r g e l a s e r ( s e e f i g . ,Alas was a s h i g h a s (18.4f0.2)mkm. Fig.4 p r e s e n t s t h e Ttrans measurements f o r t h e C 0 2 -~r ( I : 9 ) s u p e r s o n i c plum. T h i s e x p e r i -
mental d a t a gave t h e o p p o r t u n i t y t o devel o p t h e adequate C02-Ar-mixture v i b r a t i on a l r e l a x a t i o n model /75/ f o r t h e c a s e of t h e s t r o n g u n e q u i l i b r i u m c o n d i t i o n s when
t h e y were combined w i t h t h e probe l a s e r 10.6 and 9.4mkm a b s o r p t i o n measurements C02 GDL i n /80/, and energy dependence on I n t h e case of Ar-exchanging i n t h e t h e CO content i n GO2-Ar-mixture a e s e 2-mixture f o r another r a r e gases one can g e t calculated i n /81/. The nozzle shape, s t av a r i a t i o n s i n GDL energy parameters f o r gnation parameters and H20-impurities e fd i f f e r e n t t r a n s
i t i o n s with t h e goal of opf e c t s were s t u d i e d t h e o r e t ' l c a l l y f o r I8mkm t i m i z a t i o n . 18.4mkm l a s i n g was r e g i s t e r e d
C02 GDL parameters i n /82 -34/.
It was fot o be l e s s i n t e n s i v e f o r GO2-Xe then f o r und t h e r e a l s o t h a t e f f i c i e n c y of t h i s l a -C02-Ar mixture.
s e r coula be a s high as.v2%. This value is I n t h e case of exchange of l a s i n g C02 much higfier then e f f i c i e n c y of usual C02-molecule one can g e t GDL s p e c t r a l r e g i o n GDL (without *'mixingqt). This advantage is dxtending with t h e h e l p of Ar-mixture with due t o r e l a t i v e l y low l a s e r l e v e l p o s i t i o n , a n o t h e r l i n e a r three-atomic molecule with . . d l . GDL on n o n l i n e a r molecule t r a n s i t i o n s .
-------------------
One of t h e f i r s t attempt t o study t h e p o s s i b i l i t y of n o n l i n e a r molecule a p p l i c at i o n f o r a h e a t pumped GDL is the'work /87/ where SO2-Ar-GDL parameters a r e c a lc u l a t e d f o r 2 las=iI. 8 mkm ( s e e Fig. 5 ) . so2 molecule i s i n t e r e s t i n g because of two widely d i f f e r e n t v i b r a t i o n r e l a x a t i o n t i m e s of t h e upper and t h e lower l a s e r l ev e l s ( a n e x t r a component f o r lower l e v e l r e l a x a t i o n s p e e d i n g l i k e i n t h e c a s e of I 0 mkm C02-GDL i s n o t r e q u i r e d ) . A t t h e same time t h e SO2 y a n d J a r e l a x a t i o n r o t a t i o n a l t r a n s i t i o n s with t h e temperature decreasing, when exchange processes and t r a n s i t i o n p r o b a b i l i t i e s s t a r t t o 'be e i g n i f i c a n t l y decreased; t r a n s i t i o n 
